In order to grasp the mechanical response of the asphalt concrete pavement structure, on the basis of the layer theory of the asphalt pavement structure and the measurement system, the measured data post-processing application of the asphalt pavement structure was developed. Based on the Yunluo expressway experimental section of Guangdong Province, according to the calculation theory of road structure, the finite element analysis model of the pavement structure was established, and the mechanical properties of the asphalt pavement structure of the experimental section were analysed. It was determined that the layout scheme of the asphalt pavement corresponding structure layer temperature and strain sensor and the road test plan based on FWD. By using FWD as the loading tool, the resistance strain sensor were used to dynamically monitor the transverse and longitudinal strains of the road structural layers in order to grasp the dynamic response of the asphalt pavement. By using the FWD's own deflection detection system, the measured deflection data of the pavement structure were obtained. At the same time, taking into account the processing difficulties of mass measurement data, the postprocessing application of the measured data was developed. The results show that according to the theoretical analysis, the measured system was reasonable, the layout scheme and the test plan were proper. The measured data postprocessing applications can offer a better analysis platform for analysts.
INTRODUCTION
The elastic layered system theory was generally used to analyze the mechanical response of the asphalt pavement structure (GUO et al. 2001) . However, from the engineering practice of the expressway, there were some differences between the mechanical properties of the asphalt pavement based on the elastic layered system theory and the measured road engineering mechanics index. Therefore, foreign study on the mechanics performance of the asphalt pavement based on the actual measurement (Tompkins et al. 2007; Haider et al. 2011) . Compared with the asphalt concrete pavement structure on semi-rigid base which was more widely used in our country (JIA 2008) , the full-thickness asphalt concrete pavement structure type was usually used abroad. The mechanical response law of the ever-changing pavement structure must be large differences. The research results of the full thickness asphalt concrete pavement abroad were not suitable for the mechanics of the asphalt pavement structure on semi-rigid base. But the measured data of pavement structure was usually massive, more scattered and isolated. It was difficult to grasp the whole law. Therefore, based on the expressway test section of Guangdong Province, this paper had carried out the research on the mechanical properties of the long-life asphalt concrete pavement structure on account of the measured technology, in order to provide useful help for the design of long life pavement.
THEORETICAL ANALYSIS OF MECHANICAL PROPERTIES OF YUNLUO EXPRESSWAY
Yunluo expressway test section was located in Yunfu City, Guangdong Province, near the ramp of the Luogang toll station. The ramp was a type of the asphalt concrete pavement structure. The structure and material parameters of the test road section were shown in Table 1 . 
ESTABLISHMENT OF THREE -DIMENSIONAL FINITE ELEMENT MODEL FOR ASPHALT PAVEMENT
When carrying out three-dimensional mechanical analysis of the pavement structure, the following basic assumptions were usually made:
(1)The surface layer and the subgrade materials were assumed to be linear elastic materials, and they were consistent with the general Hooke theorem.
(2)The thickness of each structural layer of the pavement structure was limited and infinite in the horizontal direction. According to the relevant literature , for the pavement static mechanical properties analysis, the subgrade thickness was greater than 6 meters, for the pavement dynamic mechanical analysis, the subgrade thickness was greater than 12 meters, the actual measured value and the theoretical analysis value was close to basically meet the calculation requirements.
(3)There was no slip between the structural layers of the pavement.
(4)The stress, strain and displacement of the pavement structure, which were perpendicular to the road surface, were zero in the infinite distance from the load and infinite depth of the pavement structure.
In the ANSYS, the soil base and the various structural layers were established by using block command. But the size of the soil base model was larger than the size of each structure layer in the horizontal direction. The soil base size was 16m×9m×10.5m (where, x×y×z, x was the driving direction; y was the depth direction; z was the cross-section direction.). In addition to the soil base, the plane size of each structural layer was 10m×4.5m (x×z, the depth of the different structural layers was shown in Table 1 ). In order to ensure the continuous contact state between each layer and soil layer, the GLUE command was used to connect the soil base and the structural layers before dividing the grid. The SOLID45 element was used to divide the mesh of the soil base model and each structure layer. And its finite element model was established. The corresponding boundary conditions were set so that each side of the soil base restricts its displacement in the normal direction. The normal displacement of the side faces of other structural layers was not limited. The bottom of the soil base limited its total displacement (Liu 2015). Fig. 1 was the finite element model of the asphalt pavement after meshing. In Figure 2 , x was the direction of the vehicle, y was the cross section and the z was the depth of the road. The FWD load was applied at the dashed circle in Fig. 2 (corresponding to the solid circle in Fig. 1 ). The driving direction strain data and the road surface deflection data can be extracted along the x axis. The calculation results of the surface deflection, the stress and strain at the bottom of the surface layer, and the stress and strain at the bottom of the bottom layer were showed in table 1 under FWD. But the strain test analysis of the asphalt pavement structure was relatively complex. Because the strain was divided into compressive strain and tensile strain. As well as the same load of the same location and different embedding direction strain sensor would get different strain results. Therefore, this part would analyze the structural strain of the asphalt pavement according to Fig. 3 . The results of the analysis were shown in Table 3 . Note: i-Surface layer deflection; ε 1 --layer bottom strain of the surface layer; σ 1 --layer bottom stress of the surface layer; ε 2 --layer bottom strain of the bottom layer; σ 2 -layer bottom stress of the bottom layer. Through the analysis of table 2, when the FWD load was applied to the pavement structure, the detection results of the road surface layer deflection and the different positions of the structural layers were different along driving direction. Therefore, according to the different position of the deflection and strain sensor, the mechanical response of the asphalt pavement was analyzed under the FWD load. And according to the results of Table 3 data, the obtained strain data result was different when the direction of strain sensor applied to FWD load was different. When the center strain sensor was loaded, the strain data detected by the four strain sensors around its four positions were also different. Therefore, the above analysis was needed to make the corresponding test plan for the mechanical response of the pavement structure. Note: Limited to space, the table data was obtained from the bottom layer of the asphalt pavement structure.
TEST SCHEME FOR MEASURED MECHANICAL RESPONSE OF PAVEMENT STRUCTURE
When the asphalt pavement structure was applied FWD load, the pavement structure would usually produce the corresponding mechanical response. In road engineering, the effect of this kind mechanical response was evaluated by the road surface layer deflection and the strain change of each structure layer.
However, limited space, the deflection test system and the longitudinal and lateral strain test module were only analyzed.
Combined with the previous theoretical analysis of the Yunluo experimental road, and according to the actual situation of the pavement structure, the paper put forward the schematic diagram of the sensor layout (Fig. 4 and Fig. 5 ). Figure 6 was the location of the sensor layout point of the Yunluo experimental road section and the field test map of the FWD loading location. In addition to the road structure with the United States Building Technology Laboratory (Construction Technology Laboratory, referred to as CTL) production of resistance strain sensor, but also the layout of the temperature sensor and humidity sensors. Among them, the "I" type position and "H" type position were the layout of the strain sensor, and they were also the loading position of the FWD load. The solid circle was the position of the temperature sensor. The sensor specific layout was as follows: (1) From Fig. 4 (a) , because of the temperature sensor in the vehicle loading was easily damaged, so it was arranged on the road shoulder part. And from Fig. 4 (b) , the temperature sensors were respectively arranged at the bottom of each structure layer. At the same time, two temperature sensors were arranged in the soil base, and a total of 10 temperature sensors were arranged. (2) Figure 5 show the layout diagram of the strain sensor. The surface layer, the bottom layer, the lower base and the lower sub-base were arranged in a total of 24 strain sensors. The layout direction of each sensor was shown in Fig. 5 . By applying the FWD load to the "I" position and the "H" position in Fig.  4 (a) , the strain sensor of each structure layer output the corresponding strain data to the strain data acquisition instrument. At the same time, the deflection data of nine test points, as shown in Fig. 2 , were obtained by using the FWD equipment own deflection data acquisition system. And the provisions of the test was provided once every three months. 
POST-PROCESSING SYSTEM OF PAVEMENT MEASURED DATA
The load test was carried out at the 12 FWD loading point of Fig. 4 (a) each time. The measured strain data at the corresponding position of each structure layer were collected by the DH-3817F acquisition instrument. From the test data of the whole structure, the total need to collect 12 × 24 = 288 measured strain data. At the same time, the deflection data for each loading point was 9 data. The deflection data of 12 test points were 12 × 9 = 108. To such a large amount of data, manual processing alone was difficult to complete, and more prone to error. The most critical problem was that the data were isolated and the overall pattern of the detection index was difficult to grasp after the completion of each test. Therefore, the project team developed a post-processing program that could deal with the measured deflection data and the measured strain data. The development process of the program was shown in Fig. 7 .
Strain Data Post-processing System Fig. 8 was the measured strain data post-processing program for the asphalt pavement. Figure 8b was the enlarged display interface of the "layer selection box" in the double dots line position of the Fig. 8a . Select the corresponding FWD load test point according to the "Test Point" and select the strain sensor position of the different structure according to "Select Layer" in this interface. After the test point was selected, the test point position was flashing display (the dotted ellipse in Figure 8a ). For example, if the 118 (The first 1 represented the structure 1, the second 1 represented the first row, and the 8 represented the 8th column) was selected, the circle started blinking at the corresponding position, indicating that the location was the FWD load position. It could be seen from Fig. 8 (dotted box) that each of the strain plots had a smaller display in the corresponding positions. So the program was set here to enlarge the display. From Fig. 9 , it can be clearly seen that the strain sensor detected by this position was tensile strain and its data. Through the DH-3817F system, the measured strain data we re filtered and smoothed, and output into MATLAB data format file.
The Main program of strain data and deflection data processing system （Visual Studio.NET+EXCEL）
Import data Import data
The decomposed deflection data was saved to the EXCEL deflection database.
According to the need, the deflection data of different detection time and different detection positions were displayed on the corresponding position of the program.
Measured strain data files were converted to the corresponding JPG format file by using MATLAB software.
According to the corresponding choice, the corresponding strain data curve was displayed on the corresponding position of the program. Deflection Data Post-processing System Fig. 10 was the measured interface of the asphalt pavement deflection system. The measured deflection data that were preliminarily processed had been saved to the EXCEL database. First of all, in Fig. 10 , the test points and test loads that need to be displayed were selected in the "1" area. After the selection was finished, in the "2" area corresponding to the measuring point, the test point position would flash reminder in Fig. 10 . Then in 3 area of Fig. 10 , the deflection value of the test point, test time and other information would be displayed to facilitate the analysis of the corresponding personnel. 
CONCLUSION
The ANSYS finite element model was established according to the Yunluo experimental road structure. The mechanical response characteristics of the asphalt pavement structure were obtained. The layout scheme of temperature sensor and strain sensor of the asphalt pavement and the pavement test plan were determined based on FWD. Based on the theoretical analysis and experimental results, the feasibility, rationality and reliability of the measured system were verified. The reliability of the theoretical analysis was also verified. At the same time, taking into account the inconvenience of large data artificial analysis, the measured strain data post-processing procedure and the measured deflection data post-processing procedure had been developed. The reliability and stability of the system were verified by testing the system. It was suitable for the research and practice. At the same time, the system could also greatly reduce the repeated work of the scientific research personnel and engineering and technical personnel, so as to improve the work efficiency. And it was helpful to grasp integral analysis of mechanical properties of the asphalt pavement to road engineering research personnel.
